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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention is applied to washing of the semi-conductor wafer used 
for a semi-conductor manufacture process about the removal technique of an impurity, and relates to an 
effective technique. 
[0002] 

[Description of the Prior Art] Washing of the semi-conductor wafer in a semi-conductor manufacture 
process has removed the oxide film and particle of a semi-conductor wafer front face by dipping a semi- 
conductor wafer in the DIP tub into which cleaning agents, such as fluoric acid, are poured. 
[0003] Then, pure water washes a semi-conductor wafer, and after permuting the spin dryer and water 
which are dried by shaking off surface water using the centrifugal force by high-speed rotation by the 
organic solvent with little latent heat of vaporization, the vapor dryer dried by heating with the steam of 
an organic solvent is removing moisture. 
[0004] 

[Problem(s) to be Solved by the Invention] However, with the above washing techniques of the semi- 
conductor wafer of the conventional technique, when a semiconductor device is integrated highly, a 
surface structure is also formed into a high rank difference, and washing of the front face of a semi- 
conductor wafer is becoming difficult. 

[0005] For example, in a DRAM semiconductor device, device structure shifts to a three-dimension 
device from a two-dimensional device bordering on 1 megabit, and even if the resist and cleaning agent 
of a minute amount remain into the level difference part in the manufacture process of the insulator layer 
of a memory cell, the leakage current of an insulator layer will increase. 

[0006] Moreover, in washing of the wet process using a solution/it was difficult to fully remove the 
impurity of the high deep groove of an aspect ratio. 

[0007] In a detailed slot called width of face of 0.5 micrometers, and a depth of several micrometers, 
this is for a solution not to permeate enough and removal of the impurity of the corner part of a slot is 
difficult for it especially. 

[0008] Moreover, although there is also a method of carrying out temperature up heating of the semi- 
conductor wafer in an ultra-high vacuum, and removing the detailed organic substance etc., in order to 
make it an ultra-high vacuum, long duration will be required, and adsorption of an atmospheric-air 
component to a semi-conductor wafer and adhesion of particle will pose a problem at the time of 
atmospheric-air. release. 

[0009] Furthermore, it was difficult not to establish the technique of the monitoring of the impurity 

desorption component in real time, but to discern the termination time of washing. 

[0010] The purpose of this invention is to offer the washing approach and washing station from which 

the impurity adhering to the front face of a semi-conductor wafer is removed certainly. 

[001 1] The other purposes and the new description will become clear from description and the 

accompanying drawing of this specification along [ said ] this invention. 
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(54) METHOD AND EQUIPMENT FOR CLEANING 

(57)Abstract: 

PURPOSE: To remove impurities positively from the 
surface of a semiconductor wafer. 
CONSTITUTION: An inert gas fed from a gas cylinder is 
subjected to pressure reduction by a pressure reducing 
valve, flow limitation by a mass flow controller and then 
passed through a filter and a purifier where particles and 
impurities are removed thus feeding a high purity inert 
gas into a heating chamber. On the other hand, a 
semiconductor wafer 1 loaded to a loader 12 is 
transferred into the heating chamber by means of a 
transfer unit 14. The atmospheric temperature in the 
heating chamber is sustained at a high level of about 
200°C by means of a heater and the semiconductor 
wafer 1 is baked in that inert gas atmosphere and 

cleaned. During the cleaning operation, an APIMS 11 analyzes the gas constantly and 
delivers the results of analysis to a control means 15. If the impurity concentration is lower 
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than a preset level, the cleaning operation is ended otherwise the cleaning operation is 
continued until the preset impurity concentration is attained. 
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CLAIMS 



[Claim 1] The washing approach characterized by washing by exposing a washed object into the 
ambient atmosphere of the inert gas of the heated high grade. 

[Claim 2] The washing approach according to claim 1 characterized by washing until it analyzes the 
impurity in said inert gas and the concentration of said impurity becomes below a predetermined value. 
[Claim 3] The washing station characterized by consisting of the processing room which contains a 
washed object, a heating means to heat said processing room, a reduced pressure means to decompress 
the pressure of the inert gas supplied to said processing interior of a room, a flow regulation means to 
adjust the flow rate of said inert gas, a removal means to remove the impurity and particle of said inert 
gas, and a conveyance means to convey said washed object. 

[Claim 4] The washing station according to claim 3 characterized by preparing an analysis means to 
analyze the component of the impurity desorbed from said washed object, and the control means which 
controls washing time amount and said conveyance means by the analysis result from said analysis 
means in the exhaust-port side of said processing room. 

[Claim 5] The washing station according to claim 3 or 4 characterized by establishing the conveyance 
direction switch means which switches the conveyance direction of said washed object to said 
conveyance means, and a sorting means to perform sorting of said washed object. 
[Claim 6] The washing station according to claim 4 with which said analysis means is characterized by 
being APIMS. 
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[0012] t , . . . . fl . . . 

[Means for Solving the Problem] It will be as follows if the outline of a typical thing is briefly explained 

among invention indicated in this application. 

[0013] That is, the washing approach of this invention washes by exposing a washed object into the 
ambient atmosphere of the inert gas of the heated high grade. 

[0014] Moreover, the washing approach of this invention will end washing, if the impurity m said inert 
gas is analyzed and the concentration of an impurity becomes below a predetermined value. 
[0015] Furthermore, the washing station of this invention consists of the processing room which 
contains a washed object, a heating means to heat a processing room, a reduced pressure means to 
decompress the pressure of the inert gas supplied to the processing interior of a room, a flow regulation 
means to adjust the flow rate of said inert gas, and a removal means to remove the impurity and particle 

of said inert gas. . 
[0016] Moreover, an analysis means by which the washing station of this invention analyzes the 
component of the impurity desorbed from the washed object in the exhaust-port side of the inert gas of 
said processing room, and the control means which controls washing time amount based on the result 
analyzed by the analysis means are established. 

[0017] Furthermore, a conveyance direction switch means by which the washing station of this 
invention switches the conveyance direction of a washed object to a conveyance means, and a sorting 
means to perform sorting of a washed object are established. 

[0018] Moreover, the washing station of this invention is APIMS (Atomosphenc Pressure Ionization 
Mass Spectrometer: atmospheric-pressure-ionization-mass-spectrometry equipment) as which said 
analysis means ionizes and analyzes the impurity in atmospheric air. 

[0019] . . , , 

[Function] According to the above-mentioned washing approach of this invention and the above- 
mentioned washing station, it is removable, carrying out monitoring of the amount of desorption and 
components of an impurity, such as the moisture and ammonia adhering to the front face of a semi- 
conductor wafer, and the organic substance. 

[0020] Thereby, the impurity of a semi-conductor wafer front face can be certainly removed now 
efficiently in a short time. . 

[0021] Moreover, defect semi-conductors, such as degradation of the electrical characteristics ot the 
semiconductor device by the impurity on the front face of a semi-conductor wafer, can be lost. 
[0022] 

[Example] Hereafter, the example of this invention is explained to a detail based on a drawing. 
[0023] (Example 1) The important section block diagram to which the important section block diagram 
of the washing station of the semi-conductor wafer according [ drawing 1 ] to the example 1 of this 
invention and drawing 2 connected the washing station and APIMS of a semi-conductor wafer by the 
example 1 of this invention, and drawing 3 are the important section system configuration Figs, of the 
washing station of the semi-conductor wafer by this example 1 . . 
[0024] In this example 1 the washing station 2 of the semi-conductor wafer 1 The heating chamber 3 
made from the quartz which holds the semi-conductor wafer 1 in inert gas ambient atmospheres, such as 
nitrogen and an argon, (processing room), The heater (heating means) 4 for heating the heating chamber 
3, and the chemical cylinder 5 which supplies the inert gas of a high grade, The reducing valve 6 which 
decompresses the gas pressure supplied from the chemical cylinder 5 (reduced pressure means), The 
massflow controller (flow regulation means) 7 which adjusts the flow rate of inert gas, the filter 
(removal means) 8 from which the particle in gas etc. is removed, and the purification machine (removal 
means) 9 from which the impurity in gas is removed are connected by piping 10. 
[0025] Moreover, feed hopper 3a which introduces inert gas into the heating chamber 3 as shown in 
drawing 2 , and exhaust-port 3b which exhausts inert gas are prepared, and APIMS 1 1 which analyzes 
the component of an impurity is connected to this exhaust-port 3b by gas collection tubing 10a. 
[0026] Next, as the system configuration of this washing station is shown in drawingj , it consists of a 
loader 12 with which the semi-conductor wafer 1 before washing was stored, a washing station 2, and an 
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unloader 13 which contains the semi-conductor wafer 1 after washing, and they are connected so that the 
semi-conductor wafer 1 may be conveyed by the conveyance machine (conveyance means) 14, 

[S^Moreover, a washing station 2 and APIMS1 1 are connected and controlled by the control means 

15 which controls washing actuation. 

[0028] Next, an operation of this example is explained. 

r0029] The inert gas currently supplied from the chemical cylinder 5 is decompressed to a 
predetermined pressure with a reducing valve 6, and has a predetermined flow rate adjusted by the 
massflow controller 7. . , , fi 

r0030] And it supplies in the heating chamber 3 from feed hopper 3a as inert gas of a high grade turtner 
by removing the particle and the impurity in gas with a filter 8 and the purification vessel 9 
r00311 The ambient temperature in this heating chamber 3 is heated and maintained at the about 200- 
degree C elevated temperature by the heater 4. Next, the semi-conductor wafer 1 before washing stored 
in the loader 12 is conveyed in the heating chamber 3 currently heated by the conveyance machine 14. 
And an impurity is desorbed by baking the semi-conductor wafer 1 in a hot inert gas ambient 

SSlDuring this washing, APIMS1 1 analyzes continuously the component and the amount of balking 
in the gas currently exhausted from exhaust-port 3b, and inputs that analysis result into a control means 
1 5 There is less high impurity concentration in inert gas than the default value to which the control 
means 15 is beforehand set based on the data, namely, washing actuation is made to terminate washing 
actuation, if the amount of desorption of the impurity from the semi-conductor wafer 1 decreases and to 
continue, if there is much high impurity concentration in inert gas, namely, there are more amounts ot 
desorption of the impurity from the semi-conductor wafer 1 than default value until it becomes the high 
impurity concentration below default value. . 

[0033] And if the amount of desorption of the impurity from the semi-conductor wafer 1 decreases and 
high impurity concentration becomes less than default value, washing actuation will be terminated, and 
from control of a control means 15, the semi-conductor wafer 1 in the heating chamber 3 is conveyed 
with the conveyance machine 14, and it stores in an unloader 13. 

[0034] Thereby, according to this example 1, it can remove certainly, carrying out monitoring ot the 
impurity which adhered on the semi-conductor wafer 1 by APIMS U. 

[0035] Moreover, in this example 1, although washing of the semi-conductor wafer 1 was made into 
single wafer processing, it can wash still more efficiently by fixing the semi-conductor wafer 1 to a 
cassette etc., and making it the batch type which washes two or more semi-conductor wafers 1 at a time. 
[0036] (Example 2) Drawing 4 is the important section system configuration Fig. of the washing station 
of the semi-conductor wafer by the example 2 of this invention. 

[00371 In this example 2, as shown in drawing 4 , the conveyance direction switch means 16 which 
switches the conveyance direction of a wafer is established between the loaders 12 and washing stations 
2 which store the semi-conductor wafer 1 before washing, and they are connected by the conveyance 

mSsTMoreover, between a washing station 2 and the unloader 13 which contains the semi-conductor 
wafer 1 after washing, a sorting means 1 7 to perform sorting with the semi-conductor wafer 1 which 
washing ended, and the semi-conductor wafer 1 which performs re-washing is established, and they are 
also connected by the conveyance machine 14. 

[00391 Furthermore, the washing station 2, the loader 12, and the conveyance direction switch means 16 
are established, and conveyance machine (conveyance means) 14a connects between these conveyances 
direction switch means 16 and the sorting means 17. 
[0040] Next, an operation is explained. 

0041] The semi-conductor wafer 1 before washing stored in the loader 12 is conveyed in the heating 
chamber of a washing station 2 by the conveyance machine 1 4, and washing is performed. If this 
washing reaches a predetermined time amount line crack and predetermined time. amount U will analyze 
the component and the amount of desorption in the inert gas currently exhausted by APIMS 1 1 from. 
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exhaust-port 3b. , 
[0042] And this analysis result is outputted to a control means 15, if high impurity concentration has 
become less than the default value to which the control means 15 is beforehand set based on that data, 
the conveyance machine 14 and the sorting means 17 will be controlled, and the semi-conductor wafer 1 
will be made to store in an unloader 13. 

[0043] Moreover, the sorting means 17 is made to convey the semi-conductor wafer 1 inadequate in 
washing with more high impurity concentration than the default value set up beforehand with the 
conveyance machine 14 from the inside of a washing station 2 by control of a control means 15. And the 
sorting means 17 makes conveyance means 14a carry out delivery conveyance of the semi-conductor 
wafer 1 inadequate in washing, is sent to the conveyance direction switch means 16, and makes washing 
of the semi-conductor wafer 1 start again. And it washes by repeating said actuation until the high 
impurity concentration of the semi-conductor wafer 1 becomes below default value. 
[0044] And if high impurity concentration becomes below default value, a control means 15 controls the 
conveyance machine 14, and the semi-conductor wafer 1 is stored in an unloader 13. 
[0045] It can remove certainly, carrying out monitoring of the impurity which adhered on the semi- 
conductor wafer 1 by APIMS 1 1 also in this example 2 by that cause. 

[0046] Furthermore, although this example 2 also made washing of the semi-conductor wafer 1 single 
wafer processing, it can wash still more efficiently by making it the batch type which washes two or 
more semi-conductor wafers 1 at a time. 

[0047] Moreover, the semi-conductor wafer 1 which it became poor washing and was taken out by the 
conveyance direction switch means 16 is stocked, and you may make it process two or more semi- 
conductor wafers 1 of poor washing to a batch type. .... 
[0048] As mentioned above, although invention made by this invention person was explained based on 
the example, it cannot be overemphasized that it can change variously in the range which this invention 
is not limited to said example and does not deviate from the summary. 

[0049] For example, except heater 4 of said example, and it just raises the ambient temperature in the 
heating chambers 3, such as an infrared lamp, an ultraviolet ray lamp, a halogen lamp, or high- 
frequency-induction-heating equipment. [ a heating means ] 

[0050] Moreover, while washing of the semi-conductor wafer 1 does not need to establish a control 
means 15 and an operator does monitoring of the analysis result of APIMS 1 1, effectiveness is the same 
even if it makes it work manually. 

[005 1] Furthermore, this invention is not limited to washing of the semi-conductor wafer 1 of said 
examples 1 and 2, and if it is the washing object from which the impurity and foreign matter of a micro 
unit of a medical supply etc. are removed, it is applicable. 

[Effect of the Invention] It will be as follows if the effectiveness acquired by the typical thing among 
invention indicated by this application is explained briefly. 

[0053] (1) Since it can wash according to this invention, carrying out monitoring of the amount of 
desorption and component of an impurity adhering to the front face of a semi-conductor wafer, removal 
of an impurity can be ensured. ' 
[0054] (2) Moreover, in this invention, by the above (1), the defect by degradation of the electrical 
characteristics of the semiconductor device resulting from the impurity on the front face of a semi- 
conductor can die, and the yield of a semiconductor device can be raised. 
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[Drawing 3] 
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CioTaHW^Rl 7{cast;gi3i*£. *bT. WiJ^gk 
1 7 Kt fltSWo^JIWfW 1 *WM^n 1 4 a 

[0044] tit. 3F«*«**«a««KTtaa 
t. ftW^ai 6iWKS«l 4«tWU 
l£T>U-yi 3(C^-f*. 

[0045] *nK«ko. *smm2\z*K~c*>* 

KfC(=f»Ufc7F««J&APIMSl IKiD 

[0 0 4 6] S&fc, **Sfi0tJ2-Cfc, f«*9lAl 
ibfc*». l««Ctt*«C©¥«#^X/N 

[0 0 4 7] Sfefc, ft^Ata:D«3i*lfll«0*A# 
^1 6C«fcoT«mSftfc¥*fc'>XAl£Xh5^l/ 

[0 0 4 8] BU, ♦JMBtCi^'CftiShftRWt* 

[0 0 4 9] fctAtf. Wffi^JS^J^t- 

[0 0 5 0] *&, *MM(:*XA 1 ©ftfrtt. fflffl^a 
1 5&mW3.<Xh&<, APIMS11»MMIS 



[0051] *sswtt. wrgB^e*6« 1 . 2©* 

$#?XAl©iSfe#tCK3t3n5 &©■?&<, KSfflU 
[0 0 5 2] 

[5S9I©3&*] #Bt::«fc-3TBI!*3ti53fiiJ3©3-&, ft 

[0 0 5 3] (1) *%mz&n^ f«flC7!A«)S 
BCtt*Uft*ttW©K***J:tfa#**x* , J >^ 

[0 0 5 4] (2) *»«K*»Tlt ±12 

(l) lc<tt), ¥*fl^B©*»»Ki8H"r5¥i*#* 

?©*£WW4©#flsfc<£**&tffc<&B» *m&%. 

[0ffi©1Bl*fcffi9l] 

[01] *5§BJ©*ifiWlC«tS*i»#OXAOi!fe#S 
[0 2] #B$©£I«mfc£*¥*# l J'XA©i!fe£K 

gtAP i ms £SSH*L&MH(lriiHTr*a. 

[0 3] #$893©^MmK:«fc<&¥*# , ?XA©ifc#8 
H©ggg->X7- A#?^0"e& 
[04] *»W©**W2KJ:a*#*fXA©a5»« 

[«H»©R9J] 

1 ^ft^XA 

2 )5fc#gB 

3 mm?Y>K wmg.) 

3 a {ttt&P 

3 b sww 

4 t-* (in^a) 

5 #X#>^ 
6 

7 ?X7n-3>bD-7 

8 fl&S^a) 

9 fc&ttSi (Oi^BD 

I 0 K1? 

10a #X8S#« 

II AP I MS 
1 2 D — 3? 

1 3 7>a-^ 

1 4 tt&R 0RSS^«) 

1 4 a SKi£« («SS#S0 

1 5 MW^Wt 

1 6 «8#Gl«D»*.^a 

1 7 aai^a 
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(72)«9« W ft£ 

3T§3#i2 b ft* 

(72)«J!# *ji S~ 
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